A neuronal population in hypothalamus that dramatically resists acute ischemic 4 injury compared to neocortex 
the first time that a `lower` neuron population intrinsically resists acute stroke-like injury. In rat brain 27 slices deprived of oxygen and glucose (OGD), we imaged anoxic depolarization (AD) as it propagates 28 through neocortex or hypothalamus. AD, the initial electrophysiological event of stroke, is a front of 29 depolarization that drains residual energy in compromised gray matter. The extent of AD reliably 30 determines ensuing cortical damage, but do all CNS neurons generate a robust AD? During 10 minutes 31 of OGD, PyNs depolarize without functional recovery. In contrast, magnocellular neuroendocrine cells 32 (MNCs) in hypothalamus under identical stress generate a weak and delayed AD, resist complete 33 depolarization and rapidly repolarize when oxygen and glucose is restored. They recover their 34 membrane potential, input resistance, spike amplitude and can survive multiple OGD exposures. photon microscopy in slices derived from a fluorescent mouse line confirms this protection, revealing 36
PyN swelling and dendritic beading post-OGD, whereas MNCs are not injured. Exposure to the Na Using 2-photon laser scanning microscopy (2-PLSM), we investigate if PyNs and MNCs are resilient to 95 swelling induced by simulated ischemia compared to neocortical neurons. We ask if MNCs are capable 96 of resisting acute ischemic injury and how they differ from the highly susceptible pyramidal neurons of 97 the cortex. Using three independent experimental techniques (LT imaging, whole-cell current clamp 98 recording, 2-PLSM) we show that MNCs undergo depolarization in response to OGD. However the 99 response is delayed and weak compared to AD in neocortical pyramidal neurons and so MNCs do not 100 acutely swell. These hypothalamic neurons may intrinsically resist acute stroke-like injury by virtue of a 101 more resilient Na + /K + ATPase pump that better functions under ischemic conditions. 102
103

MATERIALS AND METHODS 104
Brain Slice Preparation. Sprague-Dawley rats (male, age 3-10 weeks; Charles River, St. 105 Constant, PQ) or Wistar-GFP rats (either sex) were decapitated by guillotine. Following craniotomy, the 106 olfactory bulbs and optic tracts were cut. The brain was quickly removed and immersed in ice-cold and6 oxygenated (95 % O 2 , 5 % CO 2 ) artificial cerebral spinal fluid (aCSF) composed of (in mM) 240 sucrose, 108 3.3 KCl, 26 NaHCO 3 , 1.3 MgSO 4 .7H 2 O, 1.23 NaH 2 PO 4 , 11 D-glucose and 1.8 CaCl 2 . Using a Leica 1000-T 109 vibratome, 400 µm slices were cut in the sucrose aCSF through the coronal plane and then incubated in 110 regular aCSF (equimolar NaCl replacing sucrose above) at 35 o C for at least 1 hour. Slices were then 111 transferred to a recording/imaging chamber where they were submerged in flowing aCSF (3 ml/min.) at 112 36 o C ± 0.5 o C. The aCSF osmolality was 295 mOsm at pH 7.4. 113
Electrophysiology. Visually guided whole-cell patch recordings were obtained using 114 micropipettes pulled from borosilicate glass (outside diameter 1.2 mm, inside diameter 0.68 mm; World 115
Precision Instruments) to a resistance of 3-6 MΩ. The internal pipette solution contained (in mM) 125 K-116 gluconate, 10 KCl, 2 MgCl 2 , 5.5 EGTA, 10 HEPES, 2 Na-ATP and 0.1 CaCl 2 (pH was adjusted to 7.3 with 117 KOH). A junction potential of 14 mV was corrected prior to recording. Max depolarization values 118 reached during AD were not corrected for a junction potential because of the high permeability of the 119 membrane during this period. All recordings were acquired in current clamp mode of an Axoclamp 2A 120 amplifier and a Digidata 1322 A/D converter (Axon instruments). Clampex 10 software (Axon 121 instruments) was used for data acquisition with subsequent analysis using Clampfit 10 software. Low 122 pass filtering was with an external Bessel filter (LPF 202a; Axon Instruments) at 10 Hz. After obtaining 123 whole-cell recordings from pyramidal cells in layer V of neocortex or from magnocellular 124 neuroendocrine cells in SON, slices were simultaneously imaged (below) while exposed to oxygen 125 glucose deprivation (OGD) for 10-12 minutes (cortical slices) or for 15 minutes (hypothalamic slices). The 126 OGD aCSF was of similar composition to control aCSF, except for substituting of 95 % O 2 /5 % CO 2 127 bubbling of aCSF with 95 % N 2 /5 % CO 2 . In addition, 11 mM glucose was reduced either to 0 mM or 1 128 mM glucose with osmotic adjustment using NaCl. Occasionally, MNCs were exposed to multiple 15 129 minute applications of OGD and/or newly acquired recordings obtained post-OGD in the same slice. 130
Imaging changes in light transmittance (∆LT). Layer V PyNs in neocortex (somatosensory 132 region; 1.8 -3.2 mm bregma) and MNCs in SON were visualized using near-infrared illumination and 133 Dodt gradient contrast optics (Luigs and Neumann, Ratingen, Germany) through an upright microscope 134 (Axoscope 2FS, Zeiss) with a 40x immersion objective lens. Video images were captured with a cooled 135 charged coupled device (Hamamatsu C4742) using Imaging Workbench 6 software (Indec Biosystems 136
Inc.). Each image of a video series consisted of 16 averaged frames acquired at 20 Hz. The first image of 137 the series was the control transmittance (T cont ) which was subtracted from each of the subsequent 138 images (T exp ) in the series. The difference signal was normalized by dividing by T cont , which varies across 139 the slice depending on the zone sampled. For example, T cont was lower in white matter than gray matter. 140
This value was then presented as a percentage of the digital intensity of the control image of that series. 141
The change in LT was displayed using a pseudocolour 142 intensity scale. The slice image in bright field was displayed using a gray intensity scale. 143 Two-Photon Laser Scanning Microscopy (2-PLSM). Neocortical and hypothalamic slices (400 144 µm thick) were taken from 30+ day-old C57 black mice of the B6.Cg-Tg (Thy1-YFP) 16Jrs/J strain and 145 were prepared as described for rat slices. The mouse aCSF composition was similar but not identical to 146 rat aCSF (see Andrew et al. 2007 
RESULTS
164
Pyramidal Neurons and OGD 165
Twenty pyramidal neurons (PyNs) were monitored by whole-cell patch recording during 166 simulated stroke (Fig. 1A) . The patch pipette was visually placed within layer V and the targeted PyNs 167 identified based on the cell's triangular shape and diameter of 15 to 20 µm (Fig. 1B1) . The resting 168 membrane potential of the 20 cells averaged -82 ± 2.5 mV. Mean input resistance and action potential 169 amplitude were 82 ± 31 MΩ and 79 ± 6.6 mV, respectively (Table 1) with a mean slope of 94.1 ± 40.1 mV/min and a mean onset time of 4.1 ± 0.8 min (Fig. 1A,B2 ; Table 1 ). 173
The maximal average membrane depolarization during AD was 0 ± 2.3 mV. Upon return to control aCSF 174 this slowly returned to a mean of 27 % of the original membrane potential. Following a single 10-12 175 minute OGD exposure, subsequent intracellular recordings from the same neocortical slice could no 176 longer be obtained, even up to 3 hours after return of oxygen and glucose. Importantly it was no longer 177 possible to record evoked field potentials from layers II-III or V post-OGD upon stimulation of layer VI 178
(not shown). 179
Light transmittance (LT) imaging of the pyramidal cell field during whole-cell recording 180 demonstrated a sudden increase in ∆LT corresponding with AD onset in the single cell (Fig. 1B) . PyNs 181 slowly depolarized during initial OGD, followed by the fast component of the AD (Fig. 1C ). An immediate 182 8 % increase in ∆LT (Fig. 1D ) coincided with the propagating AD wave front, which in this case reached 183 the recorded PyN at ~ 320 seconds of OGD coinciding with the fast AD component (Fig. 1 B) . Upon 184 reintroduction of aCSF, membrane potential returned to only 32 % of its original value after 20 minutes, 185 with 70 % recovery of input resistance (Fig. 1B2) . Action potentials could not be evoked post-OGD 186 because of this maintained depolarization where Na + channels were inactivated. 187
Magnocellular Neuroendocrine Cells (MNCs) and OGD 188
Twenty-one MNCs in supraoptic nucleus (SON) were similarly monitored using whole-cell patch 189 recording before, during and after OGD (Fig. 2) . The patch pipette was visually placed within SON and 190 an MNC identified based on its ellipsoid shape and large diameter of 20-30 µm. The mean resting 191 membrane potential was -65 ± 2.9 mV. Whole-cell input resistance and action potential amplitude were 192 614 ± 103 MΩ and 92 ± 8.7 mV, respectively ( Table 2 (Fig. 3B) . The ∆LT during OGD again corresponded with the gradual depolarization in B, which 217 returned to near baseline levels upon reintroduction of aCSF (Fig. 3C) . 218
After a 15-minute period of OGD, MNCs returned to 87 % of their original resting potential 219 compared to only 27 % in PyNs after one 10 or 12 minute OGD period (Table 3 , p < 0.001). Furthermore 220 as compared to PyNs, MNCs also displayed significantly greater percent recovery of action potential 221 amplitude (p < 0.001) and input resistance (p < 0.05) post-OGD. Notably, robust MNC recordings could 222 be newly acquired and maintained in a slice previously exposed to either 15 or 30 minutes of OGD. 223
Resting membrane potentials, action potential amplitudes and input resistance were similar to those 224
MNCs not exposed to OGD (n = 11, Table 4 ). In Figure 4A , an MNC withstands an accumulated 45 225 minutes of OGD. Such multiple exposures were not possible in neocortical slices because PyNs could not 226 recover from a single 10-minute exposure to OGD. 227 Figure 4B illustrates that MNCs are not in some way protected from irreversible depolarization 228 by inhibitory synaptic input. Superfusion of OGD aCSF with calcium chloride reduced from 1.8 to 0.45 229 mM blocks any residual synaptic input not removed by OGD itself. Yet the depolarization remains intact, 230
indicating that the response is intrinsic to the recorded neuron. 231
Two-Photon Laser Scanning Microscopy (2-PLSM) 232
Fluorescent PyNs (in mice) and MNCs (in rats) were each imaged in live coronal slices in real 233 time using 2-PLSM. There is a cytoplasmic component of VP-GFP that is not particulate, making the 234 background cytoplasm clearly discernable in strongly positive MNCs. This is not fixation, nor sectioning 235 artifact because the cells are alive and located deep in the slice. As above, live neocortical slices from 236 YFP mouse were exposed to 10 minutes OGD while imaging cortical neurons in layer V in real time. We 237 sampled 60-120 µm deep into each slice so that imaged neurons were distant from the sliced surface. PyNs depolarized to a mean of -71.2 ± 4.4 mV (n = 5) (Fig. 6A ). Upon washing with control aCSF, they 263 returned to their original baseline (Fig. 6A) . In response to 26 mM K + , PyNs depolarized further, firing a 264 series of action potentials followed by Na + channel inactivation (Fig. 6A) . The depolarization plateaued at 265 an average of -47 ± 2.8 mV (n = 5). Then an additional rapid depolarization was observed at ~ 2 minutes 266 of 26 mM K + exposure (mean = 126.8 ± 27.6 seconds; n = 5) (Fig. 6A, right) . This coincided with a 267 simultaneous wave front of elevated LT propagating across the neocortical gray (not shown). 268
Immediately following SD onset, the slice was washed with control aCSF which returned the membrane 269 potential to baseline. 270 Similar to PyNs, MNCs showed a small depolarization in response to 5 minutes of 9.6 mM K + , 271 reaching a mean membrane potential of -58 ± 3.8 mV (n = 6, Fig. 6B ). During 26 mM K + (5 min. exposure) 272 the same MNCs reached an average plateau of -43.8 ± 2.0 mV. However unlike PyNs, SD did not evolve. 273
Rather MNCs simply fired faster with some degree of spike inactivation (Fig. 6B, left) . In response to 52 274 mM K + (Fig. 7C ), MNCs stopped firing as voltage-sensitive Na + channels inactivated. Although membrane 275 potential reached a plateau at an average of -34 mV, no SD was evoked. In support, no elevated LT front 276 representing SD propagation was observed in hypothalamic slices (n = 9). Instead, the SON displayed 277 only a diffuse increase in LT during 5 minutes of 26 or 52 mM K + (not shown), likely representing a 278 degree of neuronal and astrocytic swelling. 279
Inducing stronger depolarization in MNCs 280
We attempted to evoke in MNCs a more PyN-like response involving consistent depolarization 281 beyond -20 mV during OGD, either by closing K + channels or opening Na + channels. OGD. An additional 4 post-OGD recordings were newly obtained in slices exposed to 52 mM K + . Their 297 resting membrane potentials, action potential amplitudes and input resistances were similar to controls 298
(not shown). 299
Simulating ischemia with ouabain treatment 300
In neocortex, blocking the Na with an onset time of 10.1 min. There was a steep repolarization upon return of aCSF reaching a 618 maximum slope of -37 mV/min. In the lower trace, simultaneous ∆LT imaging demonstrates a 17 % ∆LT 619 increase that returns to near baseline in control aCSF. The ∆LT ROI was a 100 µm x 50 µm area 620 immediately adjacent to the recording pipette. 621 
